Tuberculosis is a highly infectious illness that has been considered a worldwide health danger. Existence inside macrophages is a main characteristic of Mycobacterium tuberculosis virulence and essential to make a perdurable infection in the human body. Recently, a pivotal cytotoxicity determinant of M. tuberculosis in macrophages was discovered and named channel protein with necrosis-inducing toxin (CpnT).
IntroductIon
Tuberculosis is a serious infectious illness that has been considered a worldwide health danger. [1] Existence inside macrophages is a main characteristic of Mycobacterium tuberculosis virulence and is essential to make a perdurable infection in the human body. [2] [3] [4] [5] [6] [7] The conflict between M. tuberculosis and host immunity responses is crucial to determine the fate of infected macrophages and regulate the consequence of the infection. [8] [9] [10] To escape the immune system and distribute, M. tuberculosis suppresses the human cell apoptosis and causes necrosis of the macrophages. [11, 12] To manage the time and mechanism of human cell necrosis, many pathogenic bacteria utilize toxic proteins to destroy host cells and escape immune system. [13] The absence of homolog proteins of identified bacterial toxins in the M. tuberculosis and the failure to separate secreted toxic proteins resulted in a general opinion that M. tuberculosis does not express such typical pathogenic macromolecules. [14] [15] [16] However, this hypothesis was challenged by the finding of a channel protein with necrosis-inducing toxin (CpnT) as a pivotal toxicity determinant of M. tuberculosis in host cells. [17] In 2014, Danilchanka et al. showed that the protein Rv3903c of M. tuberculosis is essential for persistence and toxicity of the pathogen in macrophages. [17] Rv3903c contains a secreted toxic C-terminal domain (CTD) and an N-terminal channel domain (NTD). Hence, Rv3903c was named CpnT. [18] To uptake of nutrients across the outer membrane, the NTD of the CpnT (CpnT NTD ) is useful, and to induce necrosis in eukaryotic cells, the CpnT NTD is pivotal. [18] Consequently,
CpnT was demonstrated to have a dual activity in the stimulation of host cell death as well as uptake the nutrients by M. tuberculosis. The CTD of the CpnT (CpnTC TD ) was also named tuberculosis-necrotizing toxin (TNT). [18] The outer membrane channel protein with necrosis-inducing toxin of Mycobacterium tuberculosis
The outer membrane has a key role for survival of bacteria such as M. tuberculosis under severe conditions of the human body. [19, 20] Nevertheless, the proteins that make the outer membrane capable to do its functions are vastly unknown. The roles of the recognized outer membrane proteins of M. tuberculosis have not been verified by phenotypes of the corresponding mutants. [21] However, deletion mutation of a CpnT NTD of the bacterium resulted in deficiency in the channel-forming activity and small molecule uptake representing the protein role as an outer membrane protein. [17] Architecture and topology of channel protein with necrosis-inducing toxin MspA is only known mycobacterial porin and has a secretion (Sec) signal sequence. [22, 23] Such classical Sec signal sequence has not been detected in the CpnT; hence, its organization is abnormal for a channel-making protein. [22, 23] Moreover, CpnT has at least two domains that make it abnormally big as a porin. To construct a channel in the outer membrane of M. tuberculosis, the NTD of the protein (aa 1-443) is necessary. [17] Homologs of the NTD are existent in the sequenced genome mycobacteria. [17] The architecture of CpnT is similar to toxic auto-transporters of Gram-negative bacteria. [24] Toxic auto-transporters assist translocation of a toxic passenger domain. [24] [25] [26] [27] [28] Moreover, the oligomerization is necessary for functionality of the toxic auto-transporters as well as CpnT. [26] Consequently, CpnT might be considered the first auto-transporter-like protein of M. tuberculosis. [17] Nevertheless, auto-transporters of the bacteria depend on the β-barrel association mechanism to assemble and integrate the outer membrane. [27, 29] This mechanism is likely different in CpnT. [14, 27] The biological activity of channel protein with necrosis-inducing toxin Discovering the toxic CpnT CTD (or TNT) challenged the hypothesis that M. tuberculosis may do not make toxins. [14, 17] A model was suggested for the biological function of CpnT as follows: following phagocytosis of M. tuberculosis, phagosomal and cytosolic compositions of macrophages are mixed via ESX-1-dependent permeabilization. [30, 31] CpnT is inserted into the bacterial outer membrane and cleaved to the CTD and NTD by proteolytic enzymes. [17] The NTD assists to uptake of hydrophilic compounds including glycerol and ampicillin in the outer membrane. [17] The toxic CTD (residues 651-846) is discharged from the cell surface of M. tuberculosis to initiate necrotizing of the macrophages. [17] M. tuberculosis discharges from the endosome and finally the infected macrophage after the necrotic fragmentation of the macrophages. [32, 33] In M. tuberculosis, CpnT is a double-functional protein to increase outer membrane compounds passing via its channel-forming NTD and transport the toxic CTD to the bacterial surface. [17] Phylogeny and structure of C-terminal domain of the channel protein with necrosis-inducing toxin Employing bioinformatic analysis, it was shown that the amino acids 720-846 of the CTD belong to family DUF4237 of proteins, including near 200 fungal and bacterial proteins. [17] Moreover, in other virulence mycobacteria such as Mycobacterium marinum, homolog proteins of CpnT contain same N terminus but dissimilar C terminus. [17] These conclusions proposed that CpnT has two domains including the N terminus typical in mycobacteria and the species-particular C end. [17] In this study, to predict local similarity between the CTD and other protein sequences and infer the functional and evolutionary relations, the Basic Local Alignment Search Tool (BLAST) was used. The sequence of the CpnT CTD was retrieved from UniProtKB (http://www.uniprot.org/), and the BLAST was performed to search similar protein sequences. The BLAST detects fragments of local similarity among sequences. It may be utilized to understand practical and evolutionary associations among sequences and detect members of protein classes (https://blast.ncbi.nlm.nih.gov/ Blast.cgi).
The results are represented in Table 1 . Considering to Table 1 , protein sequences of some species in the genus Mycobacterium have 99.5%-100% similarity to the CDT and a number of protein sequences in this genus show 50%-65% similarity to the CTD. The observation that the protein sequences with >50% similarity to the CTD belong to the Mycobacterium indicates the species specificity of the CTD. Except Mycobacterium abscessus (with 50%-65% similarity), sequences of fast-growing mycobacteria are not similar to the CTD sequence.
Considering to the results [ Table 1 ], the protein sequences with 20%-45% similarity to the CTD belong to different organisms including bacteria (both mycobacteria and nonmycobacteria), fungi, and eukaryotes (protozoa, plants, and animals). Such similarity between the CTD and prokaryotic/eukaryotic sequences is consistent with the hypothesis that the CTD belongs to the uncharacterized protein family including nonbacterial proteins. [17] Structural investigation of the CTD has revealed that the toxin contains two parts including a "thumb" (amino acids 648-736) and a "palm-domain" (amino acids 747-846), in which the thumb wraps around the palm domain. [18] Figure 1a 
C-terminal domain of the channel protein with necrosis-inducing toxin is toxic in prokaryotic and eukaryotic cells
The fragment CpnT CTD comprises an independent domain. In vitro experiments on mammalian cell lines showed that CpnT CTD is toxic in different cell types. [17] This proposed that CpnT CTD does not kill only the specific eukaryotic cell lines. [17] Toxicity of recombinant CpnT CTD in all investigated prokaryotic and eukaryotic cells has been illustrated indicating that the CTD may have a common prokaryotic and eukaryotic cellular target. [17] 
Mechanism of C-terminal domain of the channel protein with necrosis-inducing toxin-caused necrosis
It is demonstrated that the CTD has strong nicotinamide adenine dinucleotide (NAD + )-glycohydrolase activity that empties cellular NAD + reservoirs and leads to human cell death. [18] NAD + is both a substrate for NAD + -consuming enzymes and an essential coenzyme for hydride-transfer enzymes. [34] The hydride-transfer enzymes involve in many redox reactions, and NAD + -consuming enzymes have pivotal roles in transcriptional control. [34, 35] NAD + hydrolysis may reveal CpnT CTD cytotoxicity since exhaustion of cytoplasmic NAD + adjusts ATP production via glycolysis and results in necrosis. [36, 37] Chromatography studies disclosed that CpnT CTD is a glycohydrolase that powerfully splits NAD + into an ADP-ribose and the nicotinamide. [18] All identified NAD + -degrading enzymes discharge nicotinamide and a second component such as the ADP-ribose or cyclic ADP-ribose. [18] The C -terminal domain-immunity factor for tuberculosis-necrotizing toxin complex
In 2015, an endogenous protein of M. tuberculosis was discovered to behave as an anti-toxin for CpnT CTD to inhibit the bacterial self-poisoning. [18] This anti-toxin was named immunity factor for TNT (IFT) and its three-dimensional (3D) structure in complex with the CTD was determined. [18] In the structure, a novel NAD + -binding module different from known NAD + -utilizing toxins was detected. [18] IFT has a globular structure that includes a helical and a β-rich domain. [18] Figure 2a and b shows 3D structure of the CTD-IFT complex (PDB ID: 4QLP). Figure 2a shows the cartoon representation of the CTD (in green) interacting to IFT (in yellow). Figure 2b displays mesh representation of the CTD-IFT complex surfaces.
The putative nicotinamide adenine dinucleotide

+ -binding site on the C-terminal domain
An extensive search for identical structures of the CTD failed to gain important achievements. [17] Hence, the CTD seems to have no complete sequence likeness to proteins with identified function. [17] However, using a restraint-based structural alignment, a similarity between the architecture of the NAD + -binding site of the CTD with the SPN-glycohydrolase domain [38] as well as the ribosyltransferase domain of the diphtheria and cholera toxins was disclosed. [39, 40] Remarkable dissimilarity is that the CTD core consists of only six β-strands as compared to seven discovered in identified NAD + -utilizing toxins. [18, 41] Moreover, the CTD core is meaningfully smaller than the NAD + -using toxins. Examination of the amino acids nearby the NAD + -binding site recognized R757, Y765, and Q822 as amino acids likely associated with NAD + attachment and degradation. [41] The Q822 is remarkably conserved among the CTD homologs. [18] C-terminal domain-related nicotinamide adenine dinucleotide + depletion induces cell necrotizing
To evaluate whether NAD + exhaustion via the CTD results in cell death, researchers transfected the macrophages with plasmids expressing wild-or noncatalytic-mutant ctd genes. [18] The wild CTD destroyed more than 50% of the transfected macrophages, but the noncatalytic CTD mutants entirely lost toxicity. [18] These findings demonstrated that macrophage necrotizing is a result of the NAD + -glycohydrolase by CTD. It is also demonstrated that NAD + depletion in infected macrophages essentially relates to the enzymatic activity of CpnT CTD . [18] Furthermore, the NAD + precursor supplementation examinations indicated that the NAD + hydrolysis has a direct role in the toxicity of CTD and can be the key toxicity mechanism of M. tuberculosis in macrophages. [18] Mechanism of C-terminal domain entrance to the macrophage cytosol Generally, various microbial toxins enter into host cells by receptor-mediated phagocytosis. [42] [43] [44] Putative cellular uptake pathways for CTD were examined. [18] Results showed that by adding the purified CTD to macrophages, macrophage cell death was not induced representing that CTD does not have a membrane passing region. [18] Moreover, incorporated latex beads with the CTD did not result in host-cell disruption, signifying that CTD itself is not able to exit from the phagosome. [18] M. tuberculosis may secrete the CTD to the cytoplasm of the infected cells, while the pathogens are enclosed to the endosome. [45] Interestingly, CTD is not uniformly dispersed in the cytoplasm of infected cells, but rather displays dotted localization, probably from corporation to cellular organelles. [45] Entrance to the host cell cytoplasm, but not secretion of the CTD by M. tuberculosis, entirely relates to the ESX-1-secreting system conforming to previous recommendations that the ESX-1 complex is necessary for M. tuberculosis toxicity [46] and the endosomal membrane is punctured in an ESX-1 relative way. [30] NoodleTree genome displays tuberculosis-related activity
The mycobacteriophage, NoodleTree, was discovered in 2016 from soil in Texas. Isolation, amplification, and characterization of the bacteriophage relieved that NoodleTree is a unique Myoviridae bacteriophage that specifically infects Mycobacterium smegmatis. [47] The bacteria M. smegmatis and M. tuberculosis have 2000 homologous genes and the same peculiar wall structures and therefore may be genetically similar. [47] Genomic analysis of NoodleTree relieved that the phage genome is a member of C1 phage cluster with a length of over 150 kilobase pair. [47] However, a large series of genes existing in other C1 phage clusters is absent from NoodleTree genome. The absence of these genes may be related to the phage efficacy and specificity to its unique bacteria including M. smegmatis and M. tuberculosis. [47] The genomic protein 8 (GP8) is only found in NoodleTree and nine other C1 phage. [47] The gp8 is homolog of both TNT and IFT and possibly codes for a protein with M. tuberculosis functionality. [47] In majority of C1 phages, GP8 may overlap with TNT functionally and have high sequence similarity with M. tuberculosis IFT and TNT. However, similarity between NoodleTree GP8 and the toxin module (TNT and IFT) has been predicted to be <40%. [47] [48] [49] [50] Via general transduction, phages may mediate genetic transfer of virulence and consequently increase the levels of infection and number of possible bacterial hosts. [42] If the toxin activity of TNT is detected in a novel host with no former infectious ability, then it may be explained by the ability of NoodleTree to transfer virulence into the host. [42] Analyzing the NoodleTree genome may result the finding of genes that specially target structural and functional aspects of M. smegmatis and therefore M. tuberculosis. [42] The precise identification of such regions of interest in the bacteriophage genome and the overall biological processes of both the phage and target bacteria can be useful to employ in various applications including phage therapy, prophylaxis treatment, and oncolytic viral treatments. [42] Financial support and sponsorship Nil.
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